Abstract-The issue of video transmission for wireless multimedia sensor networks (WMSNs) was studied in this paper. Video applications were generally characterized by large data size and strong real-time requirement. However, nodes in WMSNs had limited resources and the quality of service for video applications was hard to ensure. This paper studied this problem and presented a cross-layer and multipath based video transmission scheme (CMVT). CMVT introduced the idea of differentiated service and multipath routing, and operated in both application layer and network layer. In application layer, different types of video frames were marked with different tags. Then in network layer these frames were identified by the tags and CMVT would forward them in different paths. Simulation results showed that, CMVT reduced the channel conflicts efficiently and balanced the power consumption of the network, which extended the network lifetime greatly. Also, it provided better video transmission quality.
I. INTRODUCTION
Wireless sensor networks (WSNs) are formed by a group of sensor nodes which communicate with each other over a wireless channel. They operate in a selforganizing manner. Usually WSNs are deployed in a target area to perceive and monitor the physical environment. In early stage, they can only collect scalar data such as temperature, humidity, concentration and pressure, which limits their applications both in scope and depth. With the increasing demands on monitoring quality, multimedia data such as image and audio are gradually included into collection tasks, which leads to the emergence of wireless multimedia sensor networks (WMSNs) [1] [2] . Combining the current WSNs and multimedia technology, WMSNs can achieve highprecision monitoring and perform many advanced tasks, including target identification, target tracking and image processing. Therefore, they have wide application prospects in intelligent transportation, telemedicine, home care and so on.
However, there still many challenges in WMSNs, one of which is the transmission of video stream [3] . Due to the large data size, video transmission will consume a great deal of node energy, which is a precious resource for nodes powered by battery.
Until now, there has not been any solution applicable to the video transmission in WMSNs. The conventional method in WSNs is to find a relatively shorter path between the source node and the destination node (usually the sink), and then transfer data along it. This approach is unavailable for video applications. The reason is that the path found does not always meet the quality demands of the applications. Besides, traditional methods always provide only one path for applications, which easily leads to the energy depletion of nodes on this path. In order to solve these two problems, people put forward methods of multipath routing and QoS (quality of service) routing. The main idea of multipath routing is to use multiple paths to partake the task of data forwarding, so that the burden of each node can be reduced. This research focuses on the discovery of multiple routes currently, but how to assign these routes is still not insufficient considered. The purpose of QoS routing is to find a path that meets the application requirements. It implies the idea of differentiated service, which means that the routing protocols should provide different paths for different applications. However, for data from the same service, current methods usually do not distinguish among them.
To solve the problems in video transmission, we propose a cross-layer and multipath based video transmission scheme called CMVT. Through collaboration between network layer and application layer, CMVT combines the advantages of differentiated service and multipath routing. In application layer, frames from one video are distinguished according to their importance and marked with different tags. Once they arrive at network layer, the routing module will assign them to different paths. In CMVT, important frames are always guaranteed with reliable routes. Simulation results showed that, CMVT prolonged the network lifetime greatly, and ensured the QoS demands of video applications effectively.
II. RELATED WORK
In WSNs, data transmission is mainly implemented by routing protocols. When the application data contains multimedia contents, a certain degree of QoS guarantee is often needed. Common QoS parameters include bandwidth, delay, packet loss rate, distance, etc.
Nowadays, many QoS routing protocols for WSNs and WMSNs have been proposed [4] . Younis proposed a routing protocol which mainly considered the delay requirement of service [5] . It can provide strict guarantee for applications with high delay requests. But it has a disadvantage that it needs to know the link state of the whole network. SPEED finds routes according to the geographic information of neighbor nodes [6] . It can provide certain guarantee for data stream with real-time requirement. EE-SPEED is an improved version of SPEED [7] . It adds energy optimization to SPEED. GPSR is a greedy routing algorithm based on geographic information, whose goal is to find a path with least hops [8] . Unlike GPSR, the objective of EAR is to find a path with high reliability [9] . REAR uses Metadata to select routes and employs Dijkstra to calculate the paths [10] . It also needs to collect and maintain the global state information. LEAR is an improved version of classic AODV [11] . It can provide different QoS support according to the type of the service. Kandris et al studied the reliability of the path and proposed SHPER [12] . SHPER considers both residual energy of nodes and total transmission energy of paths to select routes. After SHPER, they also proposed a layered protocol PEMuR [13] . PEMuR tries to choose a path with more residual energy, which can change the video transmission rate dynamically to fit bandwidth constraints.
The above protocols are classical routing protocols using one path. As energy of nodes is limited in WMSNs, many scholars put forward multipath protocols to avoid unbalanced energy consuming. TPGF is a typical multipath protocol, which uses a special next hop strategy to avoid the routing holes [14] . It can provide QoS guarantee in delay. MPMRS decomposes the video stream into two kinds of stream before sending it, and then chooses two different paths to forward them [15] . ReInForM transits different data along multiple paths with different probability, which is based on the priority of the service [16] . MMSPEED is a combination of SPEED and ReInForM, which ensures the service bandwidth through SPEED and improves the data reliability through the multipath forwarding [17] . Cai et al proposed a cross-layer multipath routing protocol [18] . They use multiple descriptions coding to encode the original video in application layer, and deploy multiple paths to transmit them. If some descriptions are lost in the transportation, the receiver can still recover the data with high probability. Thus the transmission reliability is improved. MOPC maintains multiple paths in a network and it chooses a route for a service according to the node congestion estimation, the node residual energy and the minimum hops [19] .
The mentioned protocols either consume excessive energy or support insufficient QoS. So they are not applicable for video transmission in WMSNs. We proposed CMVT in this paper. It combines the advantages of cross-layer design, differentiated service and multipath routing, and it can resolve the problem of video transmission well.
III. NETWORK MODEL
WMSNs mentioned in this paper are supposed to follow these assumptions.
(1) There are two kinds of nodes in WMSNs, the video nodes and the ordinary nodes. Ordinary nodes are responsible for the data transmission, while video nodes take charge of both data transmission and video collection.
(2) Nodes in the network are deployed randomly, so is the sink.
(3) Any node can obtain its own location information by hardware or software technology. The communication range of a node is a circle domain with the radius R.
(4) The network uses MPEG-4 to encode and decode the video stream.
IV. CMVT

A. Architecture Of CMVT
The framework of CMVT is shown in Fig. 1 . It completes the video transmission by the collaboration of application layer and network layer. Specifically, application layer is responsible for video gathering, encoding and frame type marking, and network layer is to search paths and transmit data.
B. Application Layer
In application layer CMVT uses MPEG-4 to encode video stream into video data, which are formed by a series of frames. These frames can be divided into three categories: I-frame, P-frame and B-frame, as shown in Fig. 2 . In MPEG-4 encoding system, the roles of different frames are not the same. I-frame is the key frame, Pframe is the second key frame, and B-frame is the nonkey frame. When video data are decoded in the receiver, I-frame decoding does not depend on any other frame. Pframe decoding depends on whether the previous I-frame, P-frame or B-frame can be decoded correctly. And Bframe decoding relies on whether the previous and the next I-frame, P-frame or B-frame can be decoded correctly. Therefore, for the receiver, incorrectly I-frame affects the video quality mostly, then the P-frame and the B-frame.
In traditional hierarchical systems, the transmission of I-frame P-frame and B-frame are not distinguished. But in CMVT, the transmission of I-frame and P-frame is ensured first. In application layer, when CMVT encapsulates video frames, it will write the frame type into the header of each packet, which can be read by the routing module. 
C. Network Layer
Design of network layer is the core of CMVT. It is composed of two components mainly: route discovery and data transmission.
1) Route Discovery
The function of route discovery is to find as much paths as possible from the source node to the sink node. It consists of two mechanisms: greedy forwarding and rollback.
The idea of greedy forwarding strategy is that each node chooses the optimal neighbor node to transmit data. In CMVT, node i calculates the evaluation of neighbor node j according to (1): where, e max (i) is the maximum remaining energy of all neighbors of node i, e min (i) is the minimum remaining energy of all neighbors of node i.
It can be seen from (1) that for node j, the closer it is to the destination node, the more remaining energy it has, the smaller f ij will be, and the greater probability it will be selected as the next hop by node i. From (2) it can be seen that α is not a constant. In the initial stage of the network, the value of α is smaller, so the distance factor plays a more important role in (1) . As the transmission goes on, the gap of neighbor nodes in residual energy increases, and the influence of energy factor is more. By this way, CMVT achieves a better balance between service delay and node lifetime.
Rollback mechanism is a response to the situation that the next hop node is not found. Fig. 3 gives an example for this. During the establishment of a path, if node c finds no node available, it will mark itself as a blocked node, and notify the previous hop node b. After getting this message, node b will re-select another node as its next hop. If there is still no available node, the rollback will continue until returning to the source node. With the rollback mechanism, CMVT can effectively avoid the holes in the monitor area.
CMVT searches paths as follows.
Step 1: The source node finds an available neighbor, and sends an inquiring packet to it.
Step 2: The intermediate node uses greedy strategy to find another available neighbor and forwards the inquiring packet to it. If this neighbor does not exist, it sends blocking information to the previous node, which will search a new intermediate node. Repeat this step until the inquiring packet reaches the destination node.
Step 3: The destination node replies a confirming packet along the found path, and marks all nodes in this path as "occupied" state.
Step 4: By repeating step 1 to step 3, CMVT may find multiple paths.
2) Data Transmission
Another task of network layer is to send the video data. CMVT does not fixedly use one or several paths. It chooses paths for different type of packets according to the status evaluation. In CMVT, the QoS guarantee level of a path i is calculated by (3):
where, f i is the evaluation value of the path i, h i is the hops of path i, Σh i is the sum of the hops of all paths, n i is the sum of packets which have been sent through path i, Σn i is the sum of packets the source totally have sent, ω is the energy consumption factor. In formula (3), the first part is the estimation of path length, and the second part is the expression of path energy level, which is evaluated by calculating the number of packets that have been sent. In general, the shorter a path is, the fewer packets it has sent, the smaller f i will be, and the higher QoS guarantee it will provide.
The value of ω is given in (4). In early stage of a network, nodes have abundant energy, so the value of ω is smaller. Then number of hop will be the main factor in evaluating a path. With the operation of the network, difference of various paths in energy consumption appears. In order to balance the path load, energy level of each path is considered more.
After getting all evaluations, CMVT will choose a path for a frame according to its type.
CMVT sends packets as follows.
Step 1: CMVT calculates the evaluation values of all paths. According to the evaluation value, it divides them into three categories, respectively for I-frame, P-frame and B-frame.
Step 2: CMVT reads the frame type from the packet header and chooses the best path from the corresponding category.
Step 3: CMVT sends the packet to the selected path, and updates the n i value of the path.
Repeat the above steps, it can send all data.
V. SIMULATION AND TEST
A. Scene Setting And Test Index
CMVT is realized in NS2, and myEvalvid [20] is used to test video transmission. In order to verify the performance of CMVT, comparative tests are carried out with AODV, GPSR, and TPGF. Grandma.yuv video provided by Telecommunication Networks Group (TKN) is used as the test video.
Test parameters are given in Table 1 . In each scene, these four protocols are tested 10 times, and then the averages are calculated.
Five indexes are adopted it our tests.
(1) Network lifetime: the earliest time of node dying.
(2) Packet loss rate: the ratio between the total packets received by the sink and the total packets sent by the source node.
(3) Frame loss rate: the ratio between the total frames received by the sink and the total frames sent by the source node. In this paper, we only concern the loss rate of I-frame.
(4) PSNR: peak signal-to-noise ratio, the ratio between the maximum possible power of a signal and the power of corrupting noise that affects the fidelity of its representation.
(5) Frame delay: the average delay of all frames received by the sink. Fig. 4 shows the comparison of network lifetime. It can be seen that multipath protocols have a longer lifetime than single path protocols. The reason is that by using multiple paths, forward load of nodes is more balanced and lighter. So their energy will not be exhausted prematurely. Compared with TPGF, the load of each path in CMVT is more even, so the network lifetime is longer.
B. Results And Analysis 1) Network Lifetime
2) Packet Loss Rate Fig. 5 shows the comparison of packet loss rate. From the figure we can see that the rates of the four protocols are close when the node density is low. But as the node number increases, the rates of multipath protocols reduce significantly. It is because that in dense network more paths are used to transmit data by multipath protocols. So the load of nodes is reduced, and the reliability of transmission is guaranteed. The packet loss rate of CMVT is the lowest, because its path load is the most balanced.
3) Frame Loss Rate of I-frame Fig. 6 shows the comparison of frame loss rate. The result is similar to packet loss rate. The rates of multipath protocols are lower than that of single path protocols. In addition, the rate of CMVT is the lowest, because it pays much attention to the transmission of I-frame. Fig. 7 shows the comparison of PSNR. It can be seen that in all scenes, PSNR of CMVT is the highest, because I-frame always get a prior guarantee. Fig. 8 gives the comparison of frame delay. We can see that the delay of CMVT is the lowest. The reason is that, the queuing delay of each frame in multipath networks is less than that in single path networks. So the end to end delay is relatively smaller. Fig. 9 shows the decoding results of a frame when the sum of nodes is 200. Obviously, the image of CMVT is most similar to the original image. And the transmission quality of CMVT is better than all other protocols. 
4) PSNR
5) Frame Delay
VI. CONCLUSION
The paper combines the ideas of differentiated services and multipath transmission, and proposes a cross-layer video transmission scheme CMVT. CMVT has two main advantages. First, it balances the network load and extends the network lifetime. Secondly, it provides differentiated services for frames in video streams and improves the transmission quality. Compared with existing routing protocols, CMVT has obvious superiority in video transmission, especially in large scale WMSNs.
